Abstract
Introduction
Driven by intra-governmental treatises, such as the Rio Declaration on Environment and Development and the European Landscape Convention, the planning process is evolving from a topdown process to become more inclusive of people that decisions ultimately affect (Lange and HehlLange, 2010) . Within this framework, there has been a long history of using different forms of visualisation as ways of communicating design proposals to interested parties. Plans, cross-sections, photomontage and sketches have long been commonplace for this purpose and these visualisations are increasingly being generated from an array of digital tools that have developed from the traditional forms of media (Al-Kodmany, 2002) .
Increasingly, there is access to powerful consumer level computing resources capable of creating and displaying three dimensional (3D) visualisations of landscapes that seem to offer clearer communication of the spatial nature of proposals. One of the new methods, driven by computer game technologies, is the use of interactive 3D visualisations that allow the viewer to freely move around a proposal navigating in its 3D representation (Herwig and Paar, 2002) .
The aim of this paper is to report on the results of an experiment run to discover how participants of a collaborative planning workshop utilise different media, both traditional and interactive 3D, all detailing the same future scenario. Section 2 gives an overview of previous work and the research questions relevant to this experiment, whilst Section 3 details the methodology of the experiment and results are reported in Section 4. Section 5 contains the conclusions to be drawn from this experiment and highlights future research directions posed by this research.
Research context
Within participatory planning workshops, interactive 3D visualisations have previously been used successfully for a variety of different landscape scenarios, such as positioning of wind turbines (Lange and Hehl-Lange, 2005) , forest planning , flood management (Burch et al, 2010) , including game style walk-throughs of urban river corridors (Morgan et al, 2009) and gardens (Werner et al. 2005) . Indeed, Schroth et al (2005) concluded that interactivity of movement within 3D visualisations was indeed useful to consultation within the planning process. However, only a few studies have looked at the usage of media types within the participatory planning process. One study conducted by Al-Kodmany (1999) observed the usage of freehand sketching, GIS and computer based photo-montages through a public consultation process, concluding that at the design stage defining context using GIS and abstract sketches proved useful to the process, whilst more realistic imaging was important at later stages, but this study did not include interactive 3D visualisations. Lewis and Sheppard (2006) ran a study to understand the usage of static 3D landscape visualisations versus GIS based mapping for use with a small sample of a First Nation community, discovering the visualisations were able to stimulate discussion.
Some previous comparisons of interactive 3D visualisations with other media types have taken place looking at how different media are utilised. Bishop et al (2001) ran an experiment using an interactive forest environment that concluded people make different choices when presented with an interactive visualisation rather than similar static images. Appleton and Lovett (2005) examined, using questionnaires, differences in perception between static images and interactive 3D models of rural environments and concluded that the landscapes were "easier to imagine" using the computer based models. Salter et al (2009) analysed the usage of GIS based interactive 3D models coupled with sustainability indicators within a planning workshop. Using questionnaires, with video and observational data to supplement, they found that being able to interact with the visualisations was highly rated by participants of their workshop. According to Al-Kodmany (2002) , the literature surrounding usage of media in public participation suggests that a combination of traditional and computer based media types that complement each other is the overall best solution.
The previous work establishes that interactivity of 3D visualisations is useful, relevant to the participatory planning process and is rated highly. Therefore, it could be expected that people could be expected to prefer to reference these more than other types of traditional media, so it was hypothesised that participants will prefer to utilise interactive 3D visualisations of that proposal over more traditional methods for communicating proposals.
The prior studies rely heavily on participant questionnaires, rather than establishing methods of quantitatively examining the usage of interactive 3D visualisations. The implicit assumption in this technique is that there is a strong correlation between the ratings of usefulness for discussion made by the participants and the actual usage of different media types.
Methodology
An experiment was conceived that would present several types of visualisation media to the participants to a planning workshop, including interactive 3D models. The duration of usage of each media type has been recorded and analysed. Participants have been subsequently asked to rank the media types in order of usefulness for aiding discussion so that these results could be compared with observational data. This section details the experimental set up, how the different types of media were created and the time taken to do this, the data collected and the analytical procedure used on the data.
Experimental set up
The Sheffield Waterways Strategy Group (SWSG) is a loose collaboration of professionals and members of the public with interests in the rivers of Sheffield. As part of a larger research project, URSULA 1 , members of the group agreed to a series of collaborative workshops connected to redesigning an urban river corridor. The first of these sessions was convened to expose SWSG members to interactive 3D visualisation technology in an attempt to remove any novelty value.
In order to answer the research question detailed in the previous section, that is whether participants will prefer to utilise interactive 3D visualisations of that proposal over more traditional methods for communicating proposals, a second workshop was convened with members of the SWSG for research purposes that would examine a real planning proposal for a site in the urban centre of Sheffield. The site chosen to discuss is one that suffered a recent major flooding event in 2007 and is also part of a redevelopment area targeted by the city council. Therefore, the council proposal detailed a flood defence scheme that incorporated a riverside "pocket park".
The overall workshop was split into several separate sections. Firstly, a member of the council presented the proposal and the larger context of flood defence that it sits within, so that all members of the SWSG present were fully aware of the content of the proposal. The experimental session, which lasted 50 minutes, was conducted subsequently and this, in turn, was followed by a final session where the participants were able to comment about a wider range of future scenarios than just the council proposal.
There were a total of 11 participants of the workshop, six members of the SWSG and five researchers present; one of whom facilitated usage of the computer system; one who chaired the meeting; one controlled the cameras whilst the others were there as observers for other independent research objectives.
The SWSG participants of the experimental session were invited to discuss the council proposal and a range of media were provided by the researchers to support this, as shown in Table 1 . The media were all based on the council proposal or existing mapping data of the area and were designed to have a similar appearance. The media types were selected to capture both "traditional" forms of communication of proposals and the more recent interactive 3D methods that could be provided in the time available for preparation of the workshop.
It is useful to understand the software tools available for presenting models for interactive 3D modelling. There are two types of software prevalent for displaying interactive 3D visualisations suitable for a examining a site scale planning workshop:
3D CAD, GIS or modelling packages that provide a visualization of the site (example shown in Figure 3e )
(ii) first person walk-throughs that provide a full screen 3D visualization of the site(see Figure 3f )
In the first category sits a variety of software solutions exist that allow the construction and view of arbitrary 3D geometry from two backgrounds; Computer Aided Design software, such as AutoCAD, and 3D modelling packages used for high end rendering solutions, such as Maya and 3D Studio Max. However, increasingly the line between these software tools is being blurred by software packages, such as Google Sketchup, which provides CAD style design with generic 3D modelling. In addition to these, there is 3D GIS, which is essentially a standard Geographic Information System with the functionality to represent a 3D view of the 2D geographic data store alongside different views of relational data held in the system. The view of the 3D model in these forms of visualisation is normally controlled by a mouse and keyboard combination utilising a menu and icon driven user interface, although other controllers able to manipulate the 3D view are becoming available.
Computer video game technology allows users to experience a landscape model at eye-level without the distraction of a GUI surrounding the image. They provide an immersive, easy to understand method for displaying a 3D visualisation, allow a different method of control via standard video game controllers and can be displayed in stereoscopic 3D to provide a greater feeling of depth to the scene.
The media chosen for the experiment were to be representative of two styles of interactive 3D visualisations, menu and icon based and eye-level walkthroughs. The eye-level walkthrough was also to provide stereoscopic output as an option for the participants to choose. The different types of media were placed closely together and within easy reach and participants stood for the duration of the experimental session. The lack of chairs was a deliberate choice for the experiment to ensure that there was a low barrier to movement between available media types as it can be seen in Figure  1 .
The experiment was held in the Reflex studio (http://www.shef.ac.uk/reflex/), the Virtual Reality laboratory at the University of Sheffield that allows groups of people to interact with virtual environments. It consists of a single room with a backlit 3m x 2.5m (10ft by 8ft) screen that is connected to a computer that can run interactive 3D visualisations, using a quad-buffered graphics card that allows the output of stereo imagery from the 3D visualisations, viewable using synchronised shutter glasses. Figure 1 shows images of the experimental set up and Figure 2 illustrates the layout of the screen, tables and display boards used to present the media and positioning used in the experiment for each media type can be found in the final column of Table 1 . 
Creation of media types
Firstly, a 1:1000 scale map of the existing area with street names was created detailing the same area as a Sheffield City Council master plan that included the discussed proposal (see Figure 3a) .
This was prepared from UK Ordnance Survey map data using ArcMap and coloured in a similar style to the other media types. This process took around three hours to acquire, prepare and print both the map and the master plan.
To create the other media types, an area master plan view and a Google SketchUp reference model was donated by Sheffield City Council. The SketchUp file contained a detailed view of just the area around the proposed new riverside park. Care was taken to ensure that all the media types produced contained similar visual styles.
The 3D reference model was built manually and took approximately 7 hours to construct from an existing base topography, but it is unknown how long the master plan took to construct. From the 3D model, several different views of the pocket park proposal were printed out, including the A1 1:1000 scale plan view (Figure 3b ) and five A3 views ( Figure 3c ) were created from different positions showing aspects of the proposal, from both bird's eye and eye level. These took around 1.5 hours to select, prepare and print out. The 1:500 scale physical model (Figure 3d ) was commissioned to be created as an exact representation of the reference mode and took 60 hours to build. The 3D CAD model used was the unchanged reference model run in Google Sketchup (Figure 3e ) and this also became the basis for the walk-through model using software which allows for a computer game style walk-through, called Walkabout 3d 2 that has native support for Sketchup models. This software supports a video game controller human-computer interface that allowed the participants to move around the model at eye level. This software can be triggered to run normally or in 3D stereo via an option in the user settings (Figure 3f ).
Data capture
At the beginning of the experiment, each media type was introduced to the participants by a researcher. Whilst the traditional media types were available in physical locations around the screen, the interactive 3D media were all made available as separate windows on the screen, so that participants were able to pick them should they wish. The participants were able to choose to navigate the digital models themselves, or have a facilitator navigate for them. Having been given permission by the participants to record, the entire workshop was recorded with two DV cameras, which were positioned in the room to maximise the capture of the usage of the different media types. The participants were then left to discuss the proposal between themselves with the researchers remaining in the room, but not part of the discussion.
After the allotted time had elapsed, the discussion was brought to an end and a questionnaire (see Appendix A) was distributed to each participant. This asked them to record their familiarity with the usage of each media type for communicating planning proposals. It also asked them to rank media categories in order of suitability for both aiding their understanding and facilitating their discussions of the proposal. The categories selected were as follows:
 3D walkthrough with game controller  3D walkthrough with game controller and glasses This categorisation grouped the proposal 2D top down plan, the Council master plan and the map into one category of media "paper plan" as these media types were determined to be offering similar information to participants and to reduce complexity understanding the questionnaire.
Analytical methodology
Post workshop, the videos of the experiment were analysed to capture the usage of each type of media by the participants. It was considered necessary to form a set of criteria that defined usage of a media type. After initially watching the videos to determine a suitable methodology, these were defined as one of two physical actions towards a particular media:
 Gesture based "point at"  Identifiable head position "look at" This scheme is similar to that of Lewis and Sheppard (2006) , who identified gestures indicating interest in different images, but which were recorded via session notes, not video. In addition to the gesture based system, the video audio recording was also used to support gesture identification so that a "point at" gesture could be distinguished correctly from a simple gesticulation. As an example, both a "Point at" gesture and "look at" gestures can be seen in Figure 4 , which is a frame of video from the session showing the participants using the interactive 3D walk-through media. The analysis of media type usage took place using NVivo 8 software that allows for periods of time in videos to be assigned against different user defined codes. Each media type was given a code and then as usage of a particular media type was identified, that section of the time line of the video was assigned against the appropriate code. This allows the whole video timeline to be broken up into usage of the media types and resulting in the timed usage of each media type. If participants used more than one media at once, both usages were coded into the timeline. The facility in the software that allows reduced play speed was essential to the process and aided the accuracy of timing the usage. For simplicity in viewing the results, only one of the two video tracks was encoded, but the second video was used to check all the participant's movements, if the first view was blocked. Although the camera tracks were started at slightly different times, the time differential between recordings was calculated by identification of a reference event that occurred at the beginning of both the videos. This offset then allowed the transfer of events seen only in the second video back to the first timeline.
Media
Category A1 1:1000 scale plan view 2D plan 5 x A3 image views Images 1:500 scale model Physical model 3D CAD (Google Sketchup) 3D CAD 3D walk-through with game controller 3D WT 3D walk-through with game controller and stereo glasses 3D WT Glasses A1 1:1000 scale current situation map Overview plan A1 1:1000 scale Sheffield Council "masterplan" plan view Overview plan The timeline was coded with the categories as shown in Table 2 . Both the current situation map and master plan map were coded together as these were seen as two examples of one media type. The 1:1000 scale plan was separated in the coding process as this contained less contextual information than the overview plans.
Results
This section presents the results obtained from the coding methodology described in the previous section, the questionnaire and the comparison of the two. With reference to the coded timeline, shown in Figure 6 , discussion referencing the media types occurred for large parts of the workshop. It can be clearly seen, in Table 3 and Figure 5 , that overall the most popular media type used was the traditional paper overview plans, but not the 2D plan of just the proposal. The 3D walk-through without 3D stereo was then chosen in preference to the 3D stereo view of the walk-through. The 3D CAD was briefly used to support a period of discussion, but the images, physical model and 2D plan were referenced by participants, but hardly utilised.
Media
The timeline also demonstrates that media types were largely used in "blocks" with one type supporting the discussion for periods of time before swapping to another type. Very little multiple referencing of media types occurred within the workshop, mainly people choosing to wear their 3D glasses or not. Examining the questionnaire data, it can be seen in Figure 7 that the familiarity of the participants with the various media types supporting planning proposals shows a trend to commonly encountering the traditional media types, but far less exposure to the interactive 3D media types used in the experiment.
The participants also ranked each media type for the suitability of aiding their discussions with other participants of this workshop, where 1 was most useful and 6 was least useful. Figure 8 shows two of the charts for the relative frequency of responses per rank against the actual observed usage for overview plans and 3D walk-throughs with game controller. There can be seen a wide variance in how the users ranked the various media in terms of their usability for supporting discussion with the overview plan being at the opposite end of the ranking scheme, but a good correlation for the 3D walk-through with game controller. Calculating the Spearman's rank co-efficient for all rankings of media types against observed usage (ρ = 0.5691) suggests a weak correlation. However, the sample size is too small to draw conclusions from and further data needs to be collected to understand this more fully.
Conclusions and discussion
This paper has outlined a method of collecting observational data on the usage of different media types within a collaborative planning workshop. Regarding the coding process, it could be argued that the methodology involved in categorisation of the different media types is despite best efforts subjective. This could potentially be mitigated by a second person also coding the video timeline and averaging the results. However, it is worth noting that the coding of the video timeline was an involved and time consuming process, which involved multiple passes through the video and days of work before results could be finalised, even for a single 50 minute period, and therefore would require significant resource to code with multiple people. Nevertheless, there are several important conclusions that should be drawn from the results of this experiment.
From the time line analysis, it is clear that the participants preferred to mainly focus on one type of media at a time to support their discussions, although this focus would change. It is important to note that all media types were used by the participants, but that the predominate usage of the 2D plans and interactive 3D visualisations, despite the lack of previous exposure to this technology, leads to the conclusion that providing both these types of media is a powerful combination to support discussion about planning proposals. Also, the results suggest the availability of an interactive 3D model will supplant the need for physical models and static imagery. It is also apparent from the results of this study that the participants preferred the use of video game "first person" views with minimal user interface present over a 3D CAD style interface. As a 3D model by default can provide a 2D plan view, these results seem to suggest that software tools that support participatory planning workshops should be able to either simultaneously display either a top-down view and 3D walk-through mode, or have the ability to switch between these views rapidly.
Also, it was the usage of the mapping containing a larger context that was the most used media type, which may have been connected to the fact that the proposal related to flood defence; a problem that is not limited to site scale. However, this can be seen as evidence that isolated areas of visualisation are not as useful as ones which contain contextual spatial information.
Comparing the questionnaire results to the actual usage results also raises interesting discrepancies between the actual usage of media and participants' perceptions of the usefulness of that media for discussion. Therefore, researchers should perhaps be guarded against drawing too strongly on the results of questionnaire based rankings without observational data to support them.
Finally, some other conclusions can be drawn from the results. When analysing the construction time of a physical model in comparison to the actual usage, it can be concluded that this media type is almost redundant, if access to interactive 3D visualisations is possible. It can also be seen that when an interactive 3D model is constructed then it may not be necessary to provide still images. However, it is interesting to note that should time be taken to develop an interactive 3D model, then it is relatively time efficient to then produce 3D views from this should they be required.
This work highlights several possible avenues for further study. Firstly, given the increasing prevalence of affordable 3D stereoscopic technology and the results showing that some participants used 3D glasses whilst others did not, perhaps because they found them a barrier to face to face discussion, suggests a deeper examination of the suitability of this technology for use in a collaborative setting is warranted. Secondly, this study concentrated on the usage of media, but there could be interesting work to be undertaken investigating how each media type supports different types of discussion.
Appendix A -Participant Questionnaire
The following questionnaire was filled in by the SWSG participants of the workshop after the discussion session. 
